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Abstract – For microgrid in islanded operation, due to the effects of 
mismatched line impedance, the reactive power could not be shared 
accurately with the conventional droop method. To improve the 
reactive power sharing accuracy, this paper proposes an improved 
droop control method. The proposed method mainly includes two 
important operations: error reduction operation and voltage recovery 
operation. The sharing accuracy is improved by the sharing error 
reduction operation, which is activated by the low-bandwidth 
synchronization signals. However, the error reduction operation will 
result in a decrease in output voltage amplitude. Therefore, the voltage 
recovery operation is proposed to compensate the decrease. The needed 
communication in this method is very simple, and the plug-and-play is 
reserved. Simulations and experimental results show that the improved 
droop controller can share load active and reactive power, improve the 
power quality of the microgrid, and also have a good dynamic 
performance. 
 
KEY WORDS：Microgrid; droop control; reactive power sharing; 
low-bandwidth synchronization signals; voltage recovery mechanism 
I INTRODUCTION 
The application of distributed generation (DG) has 
been increasing rapidly in the past decades. Compared to 
the conventional centralized power generation, DG units 
have advantages of less pollution, higher efficiency of 
energy utilization, flexible installation location, and less 
power transmission losses. Most of the DG units are 
connected to the grid via power electronic converters, 
which introduces system resonance, protection 
interference, etc. To overcome these problems a 
microgrid concept was first proposed in the US by the 
consortium for electrical reliability technology solutions 
[1]. Compared to using a single DG unit, microgrid could 
offer superior power management within the distribution 
networks. Moreover, the microgrid can operate both in 
grid-connected mode and islanding mode and benefit 
both the utility and customers in economy [2-7]. 
In islanding mode, the load power in the microgrid 
should be properly shared by multiple DG units. Usually, 
the droop control method which mimics the behavior of a 
synchronous generator in traditional power system is 
adopted, which does not need the use of critical 
communications [8-14, 21-22]. The active power sharing 
is always achieved by the droop control method easily. 
However, due to effects of mismatched feeder impedance 
between the DGs and loads, the reactive power will not 
be shared accurately. In extreme situations, it can even 
result in severe circulating reactive power and stability 
problems [11]. 
To overcome the reactive power sharing issue, a few 
improved methods have been proposed. Specifically, 
there are manly three approaches to address the effect of 
the interconnecting line impedance on droop-based 
control. The first approach is to introduce the virtual 
output impedance by modifying the output voltage 
reference based on output current feedback [11,13-14,23]. 
This method can reduce the reactive power sharing error 
by reducing the relative error of the output impedances. 
However, the introduction of the virtual impedance may 
lead to degradation of the system voltage quality. The 
second approach is based on signal injection technique. 
In [15], a certain harmonic signal containing reactive 
power information is injected into the output voltage 
reference of each DG unit, and the output reactive power 
is regulated according to the harmonic power to improve 
the accuracy of the reactive power sharing. However, this 
method results in output voltage distortion. In [16], in 
order to reduce the reactive power sharing errors, the 
method injects some small disturbance signal containing 
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reactive power information into the frequency reference 
of each DG unit. By using the active power error before 
and after the injecting signal, this method can eliminate 
the reactive power error. However, this method is a 
classic event-triggered control and its stability is not easy 
to be guaranteed. Additionally, the third approach is 
usually based on constructed and compensated method. 
In [17], the method constructs an integral control 
concerning the common bus voltage to ensure the 
reactive power sharing. However, in practical situation, 
the common bus voltage information is difficult to get. 
In this paper, a new reactive power sharing method is 
proposed. The method improves the reactive power 
sharing by changing the voltage bias on the basis of the 
conventional droop control, which is activated by a 
sequence of synchronizationn event through the low 
bandwidth communication network. It is a cost-effective 
and practical an approach since only a low bandwidth 
communication network is required. Simulation and 
experimental results are provided to verify the 
effectiveness and feasibility of the proposed reactive 
power sharing method. 
The paper is organized as follows. Section II gives the 
system configuration and the reactive power sharing 
errors analysis with conventional droop control. Section 
III proposes an improved reactive power sharing control 
strategy, and the convergence and robustness is analyzed. 
Simulation and experimental results are given in Section 
IV. Section V gives the conclusion. 
II ANALYSIS OF THE CONVENTIONAL DROOP 
CONTROL METHOD 
A. Configuration and operation of AC Microgrid 
A classic configuration of a microgrid which 
consists of multiple distributed generation (DG) units 
and dispersed loads is shown in Fig.1. The microgrid 
is connected to the utility through a static transfer 
switch at the PCC. Each DG unit is connected to the 
microgrid through power electronic converter and its 
respective feeder. 
This paper aims to solving the fundamental active 
and reactive power sharing in islanding mode, and the 
power sharing issues on harmonic currents is out of 
the scope of the paper. 
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Fig.1. Illustration of the AC microgrid configuration. 
B. The conventional Droop Control 
Fig. 2 shows the equivalent model of a DG unit, 
which is interfaced to the common bus of the AC 
microgrid through a power inverter with a output LCL 
filter. As shown in Fig.2, Ei∠δi is the voltage across 
the filter capacitor, Vpcc∠0
°
 is the common AC bus 
voltage. Compared with the inductance of the LCL 
filter, the line resistance can be ignored. Then the 
impedance between inverter and the common bus can 
be described as Xi (Xi=ωLi). 
fL
fCdcV
i iP jQ
Power line
0pccV 
iL
i iE 
 
Fig.2 Model of a DG unit. 
According to the equivalent circuit in Fig. 2, the 
inverter output apparent power is Si, and it can be 
given by 
2cos
sin
i pcc i pcc i pcc
i i i i
i i
EV EV V
S P jQ j
X X


 
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  (1) 
From equation (1), the output active and reactive 
power of the DG units are shown as 
2
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Usually, the phase shift angle δi is small. Therefore, 
the real power Pi and reactive power Qi of each DG 
can be regulated by δi and the output voltage 
amplitude Ei, respectively [24]. Then the conventional 
droop control is given by 
*
*
=
=
i i i
i i i
m P
E E n Q
   

 
            (3) 
Where ω* and E* are the nominal values of DG 
angular frequency and DG output voltage amplitude, 
mi and ni are the active and reactive droop slopes, 
respectively. 
iP  and iQ  are the measured averaged 
real and reactive power values through a low pass 
filter, respectively. 
C. Reactive Power Sharing Errors Analysis 
For simplicity, a simplified microgrid with two 
DG units is considered in this section. 
According to equations (2) and (3), the reactive 
power of the i-th DG unit is obtained  
*( cos )
cos
pcc i pcc
i
i pcc i i
V E V
Q
X V n





           (4) 
Assume the i-th and j-th DG unit are working in 
parallel with the same nominal capacity and droop 
slope. Note that shift angle δi is usually vary small 
(sinδi≈δi, cosδi≈1), then the reactive power sharing 
relative error with respect to 
iQ  can be expressed as 
follows 
i j j i
err
i j pcc j
Q Q X X
Q
Q X V n
 
  

      (5) 
It is shown that, the reactive power sharing relative 
error is related to some factors, which include the 
impedance Xj, the impedance difference (Xj−Xi), the 
voltage amplitude Vpcc of PCC and the droop slope nj. 
According to (5), there are two main approaches to 
improve the reactive power sharing accuracy: 
Increasing impedance Xj and the droop gain nj. Usually, 
increasing impedance is achieved by the virtual 
impedance [11,13-14], which requires a 
high-bandwidth control for inverters. Increasing the 
droop gain nj is a simpler way to reduce the sharing 
error. However, it may degrade the quality of the 
microgrid bus voltage, and even affects the stability of 
the microgrid system [18-20].  
III PROPOSED REACTIVE POWER SHARING 
ERROR COMPENSATION METHOD 
A. Proposed Droop Controller  
The proposed droop control method is given as 
follows:  
*=i i im P                            (6) 
1
*
1 1
( ) ( )
k k
n n
i i i i i
n n
E t E n Q t K Q G E

 
         (7) 
where k denotes the times of synchronization event 
until time t. According to (7), the control is a hybrid 
system with continuous and discrete traits. In the 
digital implementation of the proposed method, the 
continuous variables ( )
i
E t and ( )
i
Q t  are discretized 
with sampling period 
sT , and sT  is greatly less than 
the time interval between two consecutive 
synchronization events. Therefore, the droop equation 
(7) at the k-th synchronization interval could be 
expressed as 
1
*
1 1
k k
k k n n
i i i i i
n n
E E n Q K Q G E

 
         (8) 
where ω* and E* are the values of DG angular 
frequency and output voltage amplitude at no-load 
condition; mi and ni are the droop gain of frequency 
and voltage of DG-i unit; G
n
 is the voltage recovery 
operation signal at the n-th synchronization interval, 
G
n
 has two possible values: 1 or 0. If G
n
=1, it means 
the voltage recovery operation is performed. Qi
n
 
represents the output reactive power of DG-i unit at 
the n-th synchronization interval. Ki is a compensation 
coefficient for the DG-i unit, ΔE is a constant value 
for voltage recovery. For simplicity of description, the 
third term of (8) is referred to the sharing error 
reduction operation, and the last term is called the 
voltage recovery operation. For simplicity, the output 
voltage for the DG-i unit in (8) is written as follows in 
iterative method. 
1 1 1( )k k k k k ki i i i i i iE E n Q Q K Q G E
          (9) 
Therefore, in its implementation, only 
1k
iE

and 
1k
iQ

 should be stored in DSP. To better understand 
4 
 
4 
 
the proposed method, a specific example is given. If 
there are two DG units with the same capacity 
working in parallel, and only the conventional droop 
is used. There will be exists some reactive power 
sharing error due to some factors. If the sharing error 
reduction operation for each DG unit is performed at 
the time, the resulting reactive power sharing error 
will decrease. The principle behind the sharing error 
reduction operation can be understood with the aid of 
Fig. 3. If the aforementioned operation is repeated 
with time, the reactive power sharing error will 
converge. However, the associated operations will 
result in a decrease in PCC voltage. To cope with the 
problem, the voltage recovery operation will be 
performed. That is to say if the output voltage of one 
DG unit is less than its allowed lower limit, then the 
DG unit will trigger the voltage recovery operation 
until its output voltage is restored to rating value. The 
output voltage of all the DG units will be added an 
identical value ΔE to increase the PCC voltage. The 
idea for the voltage recovery operation can be 
comprehended by the aid of Fig. 4. 
1 1 1pcc pccE E Q X E 
iE
*=i q iE E n Q
1
1 1
kK Q 
iQ
1Q 2Q
1newQ 2newQ
1
2 2
kK Q 
pccV
new
pccV
1 1 1
new new new new
pcc pccE E Q X E 
errQ
new
errQ
 
Fig. 3 Schematic diagram of the shaing error reduction operation 
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Fig. 4 Schematic diagram of voltage recovery mechanism 
B. Communication setup 
A DG unit can communicate with other DG units by 
RS232 serial communication. Each DG unit has the 
opportunity to trigger a synchronization event on the 
condition that the time interval between two 
consecutive synchronization events is greater than a 
permissible minimum value and the output voltage of 
each DG unit is in the reasonable range. If the output 
voltage of one DG unit is less than its allowed lower 
limit, it will ask for having the priority to trigger a 
synchronization event at once. Until the constraint 
which two consecutive synchronization events is 
greater than a permissible minimum value is satisfied, 
the DG unit with the priority will trigger a 
synchronization event, and in this event, the command 
for voltage recovery operation will be sent to other 
DG units. If the communication fails (the time interval 
between two consecutive synchronization events is 
greater than a permissible maximum value), all the 
error reduction operations and voltage recovery 
operations should be disabled and the proposed control 
method is revert back to the conventional one. 
According to the analysis above, such a microgrid 
system only needs a low-bandwidth communication. 
And it is robust to the delay of communication. To 
illustrate this point, the control timing diagram shown 
in Fig.5 is used. The sharing error operation and the 
voltage recovery operation are performed in update 
interval. Sampling operation occurs in sampling 
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interval. There is a time interval  , which is long 
enough to guarantee the system having been in steady 
state. It is obvious that proposed method is robust to 
the time delay because all the necessary operations 
only need to be completed in an interval, not a critical 
point.  
Update 
interval
k-1-th synchronization
Sampling  
interval
1k
iQ
 1k
iE
 k
iQ
k
iE
k-th synchronization k+1-th synchronization

Update 
interval
Sampling  
interval
wt wt
t
 
Fig. 5 Control timing diagram of one DG with the two consecutive 
synchronization events. 
C. Convergence Analysis  
In this subsection, the convergence of the proposed 
method will be proved. Without loss of generality, the 
sharing reactive power error between DG-i and DG-j 
with the same capacity will be analyzed. According to 
(8), the reactive droop equation for DG-j can be 
expressed as  
1
*
1 1
k k
k k n n
j j j j j
n n
E E n Q K Q G E

 
         (10) 
Subtracting (10) from (8), then 
1
1
=
k
k k n
ij ij ij
n
E n Q K Q


                 (11) 
where n=nj=ni, K=Kj=Ki., and ΔE
k 
ij  is the voltage 
magnitude derivation of DG i and j in the k-th control 
period; ΔQk ij is the reactive power sharing errors.  
Similarly, we can get equation (11) in the k+1-th 
interval. 
1 1
1
=
k
k k n
ij ij ij
n
E n Q K Q 

              (12) 
Combining (11) and (12), it yields: 
+1 1k k k k k
ij ij ij ij ij
E E n Q n Q K Q

             (13) 
According to the feeder characteristic, as shown in 
(2), the following expressions can be obtained. 
1
+1 1 11= ( )k
pcc
k k k
ij i i j jV
E Q X Q X
          (14) 
1= ( )k
pcc
k k k
ij i i j jV
E Q X Q X             (15) 
Assume the PCC voltage value satisfy the 
following  
1 1k kpcc pccV V V
                (16) 
Subtracting (13) from (14), it yields 
+1 1 1
= ( )+ ( )
jk k k k k k
ij ij ij ij i i
X X
E E Q Q Q Q
V V
 
      (17) 
where 
i j
X X X   . 
Combining the expression (13) and (17), then 
+1 +1
( )
[ ]
j
k k k kX
ij ij i iV n X V
Q r Q Q Q

          (18) 
where 1
X j
V
X j
V
n K
n
r
 

  . According to the contraction 
mapping theorem, if 1r   and 0X  , then reactive 
power sharing error will converge to zero. However, 
0X  , we should also consider the effect of the 
second term of (18). 
According to the feeder characteristic, as shown 
in (1), we have 
1
+1 ( )
k k
k k i i
i i
i
E E V
Q Q
X
 
         (19) 
Because of the voltage recovery mechanism, we can 
ensure 
min max
k
iE E E   for all k. 
+1
max min( )
k k
i i
i
V
Q Q E E
X
        (20) 
Therefore, the second term of (18) is bounded. 
According to analysis above, it can be concluded that 
the reactive power sharing error is also bounded. 
IV SIMULATION AND EXPERIMENTS RESULTS 
A. Simulation Results 
The proposed improved reactive power sharing 
strategy has been verified in MATLAB/Simulink and 
experimentally. In the simulations and experiments, a 
microgrid with two DG systems, as shown in Fig. 1, is 
employed. The associated parameters for Power stage 
and control of the DG unit are listed in Table I. Also in 
the simulations and experiments, in order to facilitate 
the observation of the reactive power sharing, the two 
DG units are designed with same power rating and 
different line impedances. The detailed configuration 
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of the single DG unit is depicted in Fig. 6, where an 
LCL filter is placed between the IGBT bridge output 
and the DG feeder. The DG line current and filter 
capacitor voltage are measured to calculate the real 
and reactive powers. In addition, the commonly used 
double closed-loop control is employed to track the 
reference voltage [5], [7], [12]. 
lineL
Improved droop 
control (Eq.8)
SPWM
sin ( )ref refE dt
Double loop 
control
refE
ref
*
refE
cu
Linei
Li
cu
P Q
fL
fC
dcV
Common 
Bus
The proposed 
Controller
Main circuit
Power 
calculation
Fig. 6  Configuration of one single-phase DG unit. 
Tab. I  
Associated parameters for Power stage and control of the DG unit 
Parameters Values Parameters Values 
urate (V) 220 kpu 0.05 
Lf (mH) 1.5e-3 kpi 50 
rf (Ω) 0.25 Kip 0.2 
Cf (μF) 20 wc(rad/s) 31.4 
LLine1 (mH) 0.6e-3 m(rad/sec·w) 5e-5 
LLine2 (mH)
 
0.3e-3 n(v/var) 5e-3 
fs (KHz) 12.8 Ke(v/var) 0.001 
frate (Hz) 50 ΔE0(V) 5 
Ts (s) 1/12.8e3 Tsyn(min) (s) 0.1 
1) Case 1: power sharing accuracy improvement 
Two identical DG units operate in parallel with the 
proposed voltage droop control. Fig.7 illustrates the 
reactive power sharing performance of the two DGs. 
Before t=0.5s, the sharing error reduction operation 
and voltage recovery operation are disabled, which is 
equivalent to the conventional droop control being in 
effect. There exists an obvious reactive power sharing 
error due to the unequal voltage drops on the feeders. 
After t=0.5s, the reactive power sharing error 
reduction operation is performed, it is clear that the 
reactive power sharing error converges to zero 
gradually. After t=1s, the voltage recovery operation is 
performed. It can be observed that the output reactive 
power increases but the reactive power sharing 
performance does not degrade. Fig.8 shows the 
corresponding output voltages. It can be observed that 
the output voltages decrease during the sharing error 
reduction operation, while the voltage recovery 
operation ensures that DG output voltage amplitude 
can restore back nearby to the rated value. The whole 
process of adjustment can be done steadily in a 
relatively short period of time. Fig.9 illustrates active 
power sharing performance of the two DG units. It is 
obvious that the proposed improved reactive power 
sharing strategy does not affect active power sharing 
performance. 
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0
100
200
300
400
500
600
t/s
Q
/V
a
r
 
 
DG2
DG1
stage2 stage3stage1
  
Fig. 7 Output reactive powers of two inverters with the improved droop 
control. 
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Fig. 8 Output voltage amplitude of two inverters with the improved 
droop control. 
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Fig. 9 Output active powers of two inverters with the improved droop 
control. 
2) Case 2: Effect of the communication delay 
To test the sensitivity of the proposed improved 
droop control to the synchronized signal accuracy, a 
0.02s delay is intentionally added to the signal 
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received by DG1 unit at t=0.5s as shown in Fig.11, 
and the simulation results are shown in Fig.10, 11 and 
12. Compared to the case 1 in Fig.7 and 9, a small 
disturbance appears in both the reactive and active 
power, while the voltage recovery operations are still 
able to ensure that the DG unit can deliver the 
expected reactive power. After t=2.0s, the active and 
reactive power sharing errors are almost zero. 
Therefore, the proposed reactive power sharing 
strategy is not sensitive to the communication delay. 
Then it is illustrated that it is robust to some small 
communication delays. 
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Fig. 10 Output reactive powers of the two inverters when 0.02s time 
delay occurs in synchronization signal of DG1 unit 
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Fig. 11 DG output voltage of the inverters when 0.02s time delay 
occurs in synchronization signal of DG1 unit 
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Fig. 12 Output active powers of the two inverters when 0.02s time 
delay occurs in synchronization signal of DG1 unit 
3) Case 3: Effect of load change 
In order to test the effect of load change with the 
proposed method, the active load increases about 
1.6kW and the reactive load increases about 0.4kVar 
at t=2.5s, and at t=4.5s the active load decreases about 
3.0kW and the reactive load decreases about 0.8kVar. 
The corresponding simulation results are shown in 
Fig.13 and 14. As can be seen, a large reactive power 
sharing deviation appears at t=2.5s and t=4.5s. 
However, the deviation becomes almost zero after a 
while. Fig.15 illustrates the corresponding output 
voltage waveforms. It can be found that there exists a 
obvious output voltage decrease and output voltage 
increase process during each reactive power sharing 
error reduction process. 
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Fig. 13 Reactive power sharing performance of the improved droop 
control (with load varying) 
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Fig. 14 Active power sharing performance of the improved droop 
control (with load changing) 
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Fig. 15 DG output voltage of the improved droop control (with load 
changing) 
B. Experimental Results 
A microgrid prototype is built in lab as shown in 
Fig.16. The microgrid consists of two micro-sources 
based on the single-phase inverter. The parameters for 
output filter are the same as those in simulation. The 
load consists of a resistor of 16Ω and a inductor of 
3mH. The sample frequency is 12.8 kHz. A 
permissible minimum time interval between two 
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consecutive synchronization events is 0.5s. The 
permissible minimum output voltage does not less 
than the rated voltage by 90%. 
 
Fig.16 Prototype of parallel inverters system setup 
Fig. 17 and Fig.18 shows the measured waveforms 
with the conventional and improved droop control 
methods, respectively. The waveforms from top to 
down are circular current (i0H=i01-i02), the output 
current of inverter 1 (i01), the output current (i02) of 
inverter 2 and PCC voltage (UL), respectively. As can 
be seen from Fig. 17, there is a quite large phase 
difference between two output currents when the 
conventional droop control is applied. As a result, the 
circular current is pretty high and the peak value of 
circular current is up to 1.80 A. The main reason for it 
is the impedance difference in DG feeders. Compared 
with the circular current in Fig.17, the circular current 
in Fig.18 is very small, which indicates that the  
improved method is efficient in reducing the circular 
current mainly caused by the output reactive power 
difference between the inverters. 
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Fig.17 Steady state experimental waveforms with the conventional 
droop control. 
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Fig.18 Steady state experimental waveforms with the improved droop 
control. 
Fig.19 shows the steady-state output active and 
reactive power of each inverter with the conventional 
and the improved droop control. Fig.19 (a) shows the 
results with the conventional droop. The steady-state 
output active powers of the inverters are 31.4 W and 
30 W, and the output reactive powers are 21.2 Var and 
-10.4 Var. When using conventional P-f droop control, 
no active power divergence appear since frequency is 
a global variable, i.e. same frequency can be measured 
along the microgrid; however, voltage may drop along 
the microgrid power lines, which produces the well 
know reactive power divergence. Fig. 19(b) shows the 
results with the improved droop. As can be seen, the 
output active powers of the inverters are 30.6 W and 
31.1 W, and the reactive powers are 3.9 Var and 4.4 
Var. These results indicates that the proposed 
improved droop control has no effect on the active 
power sharing performance, but makes reactive power 
be shared precisely .  
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Fig. 19 Steady-state active power and reactive power a) with the 
conventional droop; b) with the improved droop control. 
To verify the effectiveness of the sharing error 
reduction operation and voltage recovery operation of 
the proposed method, the experiments with only one 
operation being continuously used are performed. As 
can be seen from Fig.20, the circular current 
converges to a small value gradually when only the 
reactive power sharing error reduction operation is 
performed. In the meanwhile, a continuous decrease in 
9 
 
9 
 
PCC voltage could be found. Fig.21 shows the results 
when only the voltage recovery operation is 
performed. It can be seen that the PCC voltage 
increases linearly during this time, and the circular 
current is always small and be almost kept constant.  
Fig.22 shows the results when the two operations are 
combined. i.e. the proposed method is applied. The 
circular current is controlled to be small value, and the 
quality of the PCC voltage is guaranteed successfully. 
I0H
UL
mU
(2A/div)
(25v/div)
mU
 
Fig. 20 Circulating current and PCC voltage waveforms of DGs with 
only sharing error reduction operation performed. 
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Fig. 21 Circulating current and PCC voltage waveforms of DGs with 
only voltage recovery operation performed. 
UL
I0H (2A/div)
(25v/div)
 
Fig.22 Circulating current and PCC voltage waveforms of DGs with 
the improved droop. 
To test the sensitivity of the proposed method to 
synchronization signal, a 0.2 s delay is intentionally 
added to the synchronization signal received by DG1 
unit every time. The associated experimental results 
are shown in Fig. 23. Compared to the normal case, 
there is no obvious difference between the two cases, 
and the reactive power sharing error can still reduce to 
a small value. Therefore, the proposed method is 
robust to the communication delay because all the 
necessary operations only need to be completed in an 
interval, not a critical point. 
Fig.24 shows the experimental results when the 
synchronization signal of DG1 unit fails, which is 
equivalent to the time delay is infinity. It is obvious 
that, before t=t1, the circulating current is kept to be a 
small value because the improved droop control is in 
effect. After t=t1, the sharing error reduction operation 
and voltage recovery operation are disabled due to the 
lost of the synchronization signal of DG1 unit. As a 
result, the peak value of the circulating current 
increases to about 2.8A from a small value. In 
conclusion, the results in Fig.23 and Fig.24 indicate 
that the proposed method only needs a low-bandwidth 
requirement, and it is robust to a small time delay of 
communication. However, once communication fails 
completely, the reactive power sharing accuracy 
performance may be worse. 
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Fig.23 Output current and circulating current waveforms when 0.2 s 
time delay occurs in synchronization signal of DG1 unit. 
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Fig.24 Output current and circulating current waveforms when the 
synchronization signal is lost in DG1 unit. 
V CONCLUSIONS 
In this paper, a new reactive power control for 
improving the reactive sharing was proposed for 
power electronics interfaced DG units in AC 
micro-grids. The proposed control strategy is realized 
through the following two operations: sharing error 
reduction operation and voltage recovery operation. 
The first operation changes the voltage bias of the 
conventional droop characteristic curve periodically, 
which is activated by the low-bandwidth 
synchronization signals. The second operation is 
performed to restore the output voltage to its rated 
value. The improved power sharing can be achieved 
with very simple communications among DG units. 
Furthermore, the plug-and-play feature of each DG 
unit will not be affected. Both simulation and 
experimental results are provided to verify the 
effectiveness of the proposed control strategy.  
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